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SOLAR VUND SPUTTERING EFFECTS IN THE MARTIAN ATMOSPHERE 


C. C. WATSON and P. K. HAFF 


.t 


A. W. Wright Nuclear Structure Laboratory 
Yale Unlveralty, New Haven, Connecticut 06520 

and 


W. K. Kellogg Radiation Laboratory 
California Inatitute of Technology, Pasadena, California 31125 


ABSTRACT 


A Monte Carlo simulation of the sputtering of the upper 
atmosphere of Mars by the solar wind has been performed. The 


calculated sputtering yields imply loss rates (molecules/cm -sec 


escaping the planet) for carbon dioxide, carbon, and oxygen of 
fi O c . O 

R^Og m 2.6 X 10 /cm -sec, « 6.6 X 10 /cm^-sec, and Rq « 

7.7 X lO^/cm^-sec. The total mass loss by sputtering is only 


^ 10^ of that due to chemical and photo-chemical processes, but 
sputtering provides a major exospheric sink for carbon. Because 
of diffusive separation o£ lighter elements and Isotopes and be- 
cause the gravitational binding energy is proportional to the 


□ass, the erosion process described here preferentially removes 


the lighter components of the atmosphere. Solar wind sputuering 
thus competes favorably with other erosion mechanisms in generat- 
ing substantial fractionation effects. Calculations based on a 
Monte Carlo simulation suggest that for a model atmosphere, 97^ 


of the Ng and 33^ of the CO 2 originally present may have been 
sputtered away over U.5 x 10^ y. In the same length of time 


rlU. 


15 / t-T 

the "N/ ~'N isotopic ratio for the bulk atmosphere would have 


inc’ 


'id by a factor of 1.7. 


Supported in part by the Department of Energy [EY76-C-02-307k 
Hi7n GiPn 1305 the _Na tional Aeronautics and Space Adminis 
tior^lNCR 05-002-333 iT^nd the National Science Foundation 
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Critical Layer « Layer in v.hich the first primaiy collision was required to occur, 
r Collisions .'Mlotved = Ma.\imum number of collisions of a single H* or a considered. 
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